BD-cellulose and RPC-5 chromatography of tRNA isolated from lactating bovine mammary gland showed the presence of four seryl-tRNA isoacceptors. The species, tRNAj^r, with the strongest affinity for BD-cellulose (required ethanol in the elution buffer) could be phosphorylated in the presence of serine, [y-
INTRODUCTION
A role for protein kinases in the enzymic phosphorylation of phosvitin (1) and casein (2) has been clearly demonstrated. These studies however, have not shown whether all the phosphate residues of these two phosphoproteins arise as a consequence of protein kinase activity or whether some phosphate residues are incorporated by other mechanisms (2) .
Protein kinases that can phosphorylate dephosphorylated bovine casein have been isolated from lactating rat mammary gland (3, 4) . However, in these studies the actual sites of phosphorylation were not investigated and as a result no indication was given as to whether these kinases phosphorylated only those sites which were originally found to be phosphorylated. Kinase activities have been isolated from lactating bovine mammary gland (5) , however, these activities failed to phosphorylate several sites which are found to be phosphorylated -in v-ivo.
Specifically, no protein kinase has been detected which can phosphorylate all the sites in the phosphate "cluster"
regions of a s~ and B-caseins (6) . The unique arrangements of phosphoseryl residues in the "cluster" regions of a -and 3-caseins (7, 8) and the failure to find a specific protein kinase suggests that perhaps a number of phosphate residues must be present in nascent casein polypeptides to serve as recognition sites during specific phosphorylation by the appropriate kinases. The incorporation of the phosphate required for recognition by the kinases could be ensured by introduction of phosphoserine into the nascent polypeptide during protein synthesis by a specific tRNA.
Phosphoseryl-tRNA has been found in tissue active in phosvitin synthesis (9, 10) 
MATERIALS AND METHODS

Gznzial.
Uniformly Frozen tissue was broken into small pieces using a hammer then homogenized in approximately 250 ml of buffer in a heavy duty blendor. Homogenization was completed in a high speed blendor after addition of the remaining amount of buffer.
The homogenate was cleared of connective tissue and large debris by centrifugation at 10,000g for 10 minutes. After three phenol extractions the crude RNA was isolated by ethanol pre- MgCl was used in all buffers for BD-cellulose chromato-
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Because of the unique properties of the tRNA Ser IV that are reported here we felt it essential to show that it is indeed a discrete tRNA species and not an artifact of chromatographic procedures. The tRNA eluted from BD-14 cellulose with a NaCl buffer was aminoacylated with C-serine whereas the tRNA remaining bound to BD-cellulose after the salt wash but eluting with the NaCl-ethanol buffer was aminoacylated with H-serine. These two fractions were then co-chromatographed on BD-cellulose ( Figure 1 ). All three 14 C-seryl-tRNAs eluted in the linear salt gradient and only H-seryl-tRNA eluted in the NaCl-ethanol gradient. It is 3 H-seryl-tRNA IV (20 E 260 units; 52,000 cpm) were pooled and 30 E 260 units unfractionated tRNA added as carrier. The sample (in 0.35 M NaCl-acetate buffer) was applied to a column (1.3 x 23 cm) on BD-cellulose and chromatography performed first using a linear gradient of NaCl (0.35 M to 1.5 M, 60 ml each) then a linear gradient of NaCl-ethanol (1.5 M NaCl to 2.0 M NaCl, 15% ethanol, 30 ml each) after an intermediary 1.5 M NaCl was.h.
Fractions of 1.5 ml were collected and radioactivity for each nuclide was determined by counting 0.1 ml samples of fractions. similar samples on RPC-5 ( Figure 2 ). Four tRNA er species
were also obtained and H-seryl-tRNA (tRNA ® r ) eluted as a 14 single peak after elution of three C-sery1-tRNAs.
Chromatography of non-aminoacylated tRNA on BDcellulose ( Figure 3 ) demonstrated that the elution characteristics of the tRNA er species were not dependent on prior 14 aminoacylation. Figure 3B shows the C-serine acceptance profile in which three species eluted in the NaCl gradient and one eluted in the NaCl-ethanol gradient in similar positions to the acylated species shown in Figure 1 . When column fractions were assayed for phosphate acceptance utilizing [y-3 P]-ATP in reaction mixtures, tRNA^1 uniquely accepted the phosphate label ( Figure 3C ).
Anaiyili o£ tRNA^' 1 .
To determine whether the Pphosphate incorporated by tRNA ^r was covalently linked to 
T-iguie. 3. ChiomatogKaphy o<{ aniKa.ctiona.tzii tRNA on BV-czlluloiz.
Approximately 2,000 E 260 units crude tRNA was applied to a column (2 x 40 cm) of BD-cellulose and chromatography performed first using a linear gradient of NaCl (0.45 M to 1.5 M, 300 ml each) then a linear gradient of NaCl -ethanol (1.5 M NaCl to 2.0 M NaCl, 15% ethanol, 200 ml each) after an intermediary 1.5 M NaCl wash. Fractions of 10 ml were collected and 0.5 ml samples were ethanol precipitated and assayed for serine and phosphate acceptance. was aminoacylated using u C-serine and [y-32 P] ATP. AminoacyltRNA was separated from reaction mixture components using DEAEcellulose and treated as described in Materials and Methods. Samples were electrophoresed at pH 1.9 ( Figure 4B ). The electrophoresis profiles represent the result of treatment of ( Thus from all the supportive evidence given above it was concluded that phosphoserine is esterified to the Se r terminal adenosine of tRNA . for phosphorylation were sub-optimal it cannot be excluded that incomplete formation of phosphosery1-tRNA was due to heterogeneity in the tRNA fraction.
The validity of phosphosery1-tRNA formation in lactating bovine mammary gland was further supported by the demonstration of a specific enzyme (phosphotransferase) whose activity was found to be dependent on the addition of tRNA ® r , seryl-tRNA synthetase and serine.
The function of phosphosery1-tRNA is yet undetermined. The present studies were instigated as a result of a lack of understanding of the mechanism of phosphorylation of casein. However, the possibility of the role of phosphoseryl-tRNA being other than involvement in protein synthesis cannot be excluded. Examples of tRNA utilization other than for protein synthesis have been documented (19, 20, 21, 22) .
The finding of hydroxypyruvy1-tRNA in E. coLL and M. xanthui (23) has led to the suggestion that phosphoseryl-tRNA may play a role in the biosynthesis of serine (10) . Reports demonstrating the pathways of serine biosynthesis (24, 25) do not indicate a role for tRNA in these processes and the formation of serine from phosphoserine, the last step in the 3-phosphoglycerate to serine pathway, is essentially irreversible (24). If phosphosery1-tRNA was involved in this pathway it may allow the reversal of the phosphoserine to serine reaction. A further consideration is that owing to the high concentrations of serine required during casein (26) and phospholipid (27) syntheses in lactating bovine mammary gland then the role of phosphosery1-tRNA may be in the maintenance of these levels.
Present studies are directed at determining the function of phosphosery1-tRNA in lactating bovine mammary gland. Preliminary experiments using a homologous cellfree protein synthesis system indicate that both serine and phosphate can be incorporated from phosphosery 1-tRNAj. into hot TCA precipitable material. Whether phosphoserine is introduced intact has not been established and these investigations are continuing.
